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Background: Anastomotic leakage (AL) is a major cause of postoperative mortality and mor-
bidity in colorectal surgery. We investigated the early prediction of peritoneal cytokine
levels in developing AL after colorectal surgery.
Methods: Thirty-four patients with colorectal carcinoma, who underwent elective surgery,
were included prospectively. Peritoneal samples were collected on the fifth postoperative
day and interleukin (IL)-6, IL-10 and tumor necrosis factor-a were measured. Patients
were divided into two groups: those with clinical evidence of AL (group 1) and those with-
out any evidence of AL (group 2).
Results: Of the 34 patients undergoing anastomoses, clinically evident AL occurred in 4 pa-
tients (11.7%). There was a positive correlation between AL and peritoneal cytokine levels
and blood loss and operation time and hospital stay. Peritoneal cytokine levels were signif-
icantly higher in group 1 as compared to group 2. The significant increase in patients with
AL was observed between peritoneal cytokine levels and the postoperative days. However,
a significant decrease in patients without AL was observed.
Conclusion: The peritoneal cytokine levels can be an additional diagnostic tool that can
support the early prediction of AL in colorectal surgery.
ª 2007 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Despite improvements in surgical technique and periopera-
tive preparation, colorectal surgery is associated with a 5%
mortality rate and a morbidity rate of 20–40%.1–7 Blood supply
of the anastomotic edges, the level of the anastomosis, use of
staples, adverse effect during operation, lack of bowel prepa-
ration and prophylactic antibiotic therapy, blood loss and
blood transfusions during operation, and patient-related risk
factors have been associatedwith a higher risk of anastomotic
leaking.8–1400; fax: þ90 212 534 1605.
. Erbil).
al Associates Ltd. PublishEarly relaparotomy and draining are the most important
salvage therapies in the secondary peritonitis due to anasto-
motic complications15; however, the exact laboratory
biomarkers of early prediction complications are unclear.
Several studies have demonstrated a significant sys-
temic inflammatory host response in surgical patients
with secondary peritonitis identified by the systemic re-
lease of proinflammatory cytokines16,19; however, the local
cytokine response in the colorectal surgery is unclear. Re-
cent reports investigated the local release of peritoneal
cytokines in patients after colorectal surgery during theed by Elsevier Ltd. All rights reserved.
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Fig. 1 – Comparison of peritoneal cytokines between groups 1 and 2.
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serve as an indicator of evolving anastomotic complica-
tions. The increase in peritoneal cytokines can predict
anastomotic complications.20–26
The purpose of this study was to prospectively investigate
the correlation between levels of peritoneal cytokines and
anastomotic leakage and early prediction of complications
in patients undergoing colorectal surgery.2. Materials and methods
2.1. Patients
In the Department of Surgery, Istanbul Faculty of Medicine,
34 patients with colorectal carcinoma, who underwent elec-
tive surgery from January 2005 to December 2005, were
Table 1 – Comparison of study parameters between
groups 1 and 2
Group 1 (n ¼ 4)
(with leakage)
Group 2 (n ¼ 30)
(without leakage)
p
Age (years) 47  7 53  15 0.39
Gender (F/M) 1/3 8/22 0.94
Tumor localization
Rectum/colon 4/4 16/30 0.07
Stapled usage 4/4 10/20 0.01
Blood loss (ml) 600  177 228  80 0.001
Blood transfusion 4/4 9/30 0.07
Adverse effect
Tumor perforation 1/4 0/30 0.005
Positive leaking test 2/4 0/30 0.001
Operation time (min) 230  45 84  28 0.001
Hospital stay (days) 17.7  4 6.5  1 0.001
i n t e r n a t i o n a l j o u r n a l o f s u r g e r y 6 ( 2 0 0 8 ) 2 8 – 3 530included prospectively in the present study. The indication
for surgery was rectal carcinoma and colon carcinoma. A suc-
tion–irrigation drain was placed in the pelvis or abdomen.
The abdominal drain was generally removed when drain pro-
duction was less than 100 ml in a 24-h period. None of the pa-
tients had clinical evidence of a risk of cardiac or pulmonary
function. The blood cell and serum protein levels remained
within normal limits. All patients underwent mechanical
bowel preparation the day prior to surgery. All patients
were given cefuroxim and metronidazole for antibiotic pro-
phylaxis. Deep vein thrombosis prophylaxis was performed
with low-molecular-weight heparin. Red packed cell mass
was transfused postoperatively in patients with hemoglobin
levels below 9 g/dl. All patients received general anesthesia
during surgery and a standardized analgesic regimen. All sur-
gery procedures were performed by the same surgical team.
Postoperative analgesia was achieved by patient-controlled
analgesia via a pump containing morphine solution. The
study protocol was approved by The Ethics Committee at
Istanbul University. All patients received written information
about the study and provided informed consent.2.2. Surgery
Surgical procedures included right hemicolectomies, trans-
verse colectomies, sigmoid resection, anterior rectal resec-
tions, and low anterior rectal resections. Anastomoses were
handsewn for colectomies and performed with an EEA stapler
for anterior resections.2.3. Evaluation of complication
Postoperative complications were prospectively recorded. The
definition of AL in the present study was made by clinical,
laboratory tests, biological findings and abdominal CT-scans.
Clinical AL was defined as gas, pus or fecal discharge from
the drain, pelvic abscess, peritonitis, or discharge of pus per
rectum or rectovaginal fistula.
Patients were divided into two groups: those with clinical
evidence of AL (group 1), and those without any evidence of
AL (group 2). Patients with and without complications werecompared to postoperative white blood cell count (WBC) and
peritoneal tumor necrosis factor (TNF)-a, interleukin (IL)-6,
and IL-10 response. The variables included in this analysis
were gender, age, tumor stage, preoperative radiation, opera-
tive time, surgical procedure, blood loss during the operation,
blood transfusion, type of anastomosis (stapled or handsewn),
and presence of intraoperative adverse events. Adverse
events were a positive anastomosis leakage test, loose anasto-
motic rings, iatrogenic tear in the distal rectum, iatrogenic
perforation of the tumor, iatrogenic perforation of the colon
or small bowel, or perforation of urogenital organs.
2.4. Collection of peritoneal and blood samples
Blood and intra-abdominal fluid was obtained through ab-
dominal silicone drains on days 1, 2, 3, 4, and 5 after the
operation. However, the patients with anastomosis leakage,
abdominal drains samples were collected some time after
the fifth postoperative day (at the appropriate time). Samples
were centrifuged at 3000  g for 10 min at 4 C and stored at
80 C until analysis.
2.5. Cytokine measurement
IL-6, IL-10 and TNF-a were quantified using enzyme-linked
immunosorbent assay (ELISA) kits specific for the previously
mentioned human cytokines according to the manufacturer’s
instructions and guidelines (Biosource Europe S.A., Nivelles,
Belgium).
2.6. Statistical analysis
Analysis was performed using SPSS for Windows version 11
(SPSS, Chicago, IL). Results were expressed as median
(range), first through third quartile and mean values  SD.
For comparisons between the levels of cytokines and clini-
cal parameters in the two groups the Mann–Whitney U and
c2 tests were performed. These parameters were gender,
age, tumor stage, preoperative radiation, operative time,
type of anastomosis (stapled or hand-sewn) and surgical
procedure, blood loss during the operation, blood transfu-
sion, presence of intraoperative adverse events, and hospi-
tal stay. Spearman’s correlation coefficient was used to
determine whether a correlation existed between cytokine
levels on each postoperative day. Values of p < 0.05 were
considered significant.3. Results
3.1. Patients
There were 25 men and 9 women with a median age of
52.5 years (range, 22–84 years). The indication for surgery
was rectal carcinoma in 59% (20/34) and colon carcinoma in
41% (14/34). Preoperative adjuvant radio or chemotherapy
was not necessary in any of the patients. Surgical procedures
included 9 right hemicolectomies, 2 transverse colectomies, 3
sigmoid resection, 5 anterior resections of the rectum, and 15
low anterior rectal resections. A temporary loop ileostomy
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Fig. 2 – The correlations between IL-6 (A), IL-10 (B), TNF-a levels (C) and postoperative days in the patients with
anastomotic leakage.
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resections, because of the presence of risk factors thought to
increase the risk of AL. In the 11 patients, anastomoses were
performed with a circular stapler.
3.2. Cytokine profiles and clinical parameters according
to anastomotic leakage
AL occurred in 4 (11.7%) patients. Although peritoneal cytokine
levels were significantly higher beginning on day 1, clinically
evident anastomotic leakage occurred on day 6. All patients
developed temperature above 38 C and absence of bowel
movement. All patients with proven AL were re-operated.Two had a loop ileostomy and the remaining two anastomoses
were taken down and a stomawas fashioned. No patients died
of sepsis secondary to AL. Peritoneal cytokines levels were
significantly higher in group 1, as compared to group 2
(Fig. 1). Hospital stay, operative time, blood loss during opera-
tion, usage of stapler, and intraoperative adverse events were
significantly higher in patients with AL compared to patients
without AL (Table 1).
A significant increase in the patients with AL was observed
between peritoneal IL-6, IL-10, TNF-a levels and postoperative
days (Fig. 2). However, significant decreases between perito-
neal IL-6, IL-10, and TNF-a levels and postoperative days
were observed in patients without AL (Fig. 3).
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Fig. 3 – The correlations between IL-6 (A), IL-10 (B), TNF-a levels (C) and postoperative days in the patients without
anastomotic leakage.
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There was a positive correlation between AL and IL-6 (rs ¼
0.905, p ¼ 0.0001), IL-10 (rs ¼ 0.922, p ¼ 0.0001) and TNF-a
(rs ¼ 0.870, p ¼ 0.0001). Moreover, there was also a positive
correlation between AL and blood loss (rs ¼ 0.796, p ¼ 0.0001)
and operation time (rs ¼ 0.781, p ¼ 0.0001) and hospital stay
(rs ¼ 0.924, p ¼ 0.0001) (Fig. 4). Hospital stay was significantly
and positively correlated with blood loss during operation
(r ¼ 0.462, p ¼ 0.006) and operative time (r ¼ 0.492, p ¼ 0.003).
There was a positive correlation between blood loss during
operation and operative time (r ¼ 0.791, p ¼ 0.0001).4. Discussion
We investigated the early prediction of peritoneal IL-6, IL-10,
and TNF-a levels in developing AL after colorectal surgery
and found that peritoneal cytokine response was suitable for
the early identification of AL. Peritoneal cytokine levels in
the patients with AL were significantly higher than the pa-
tients without AL. According to correlation analysis, there
was a positive correlation between AL and peritoneal cytokine
levels and blood loss, operation time and hospital stay. Post-
operatively, peritoneal cytokine levels in patients without AL
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Fig. 4 – Relationship between anastomotic leakage and: IL-6 level (A), IL-10 level (B), TNF-a (C), blood loss (D), operation time
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patients with AL were increased.
Although modern surgical techniques and perioperative
care have improved, AL remains one of the most serious
and important complications in patients after colorectal
surgery. The leakage rate varies from 3% to 21% and the mor-
tality rate associated with symptomatic leaks is 6–22%.1–5 In
several studies, the adequate blood supply of the anasto-
motic edges, the level of anastomosis, use of staples, adverse
effect during the operation, lack of bowel preparation and
prophylactic antibiotic therapy, blood loss and blood trans-
fusions during operation, and patient-related risk factors
including hypertension, tobacco and alcohol use, chronic
obstructive pulmonary disease, obesity, and malnutrition
have been associated with a higher risk of anastomotic
leaking.6–13
The role ofmechanical bowel preparation and prophylactic
antibiotic therapy in preventing AL is unclear, despite some
studies that describe a low incidence of AL.12–14 It is suggested
that anastomoses close to the anal verge has a greater risk of
anastomotic leak because of poor oxygenation and tension at
the anastomotic level.5,6,10–12 In our study, a low anterior
resection was performed in all patients with AL.
The use of staples may contribute to AL due to poor blood
flow at the anastomosis site, whereas results of AL regarding
the association of the use of staplers are conflicting.8,9 In our
study, the ratio of stapler usage, blood loss and intraoperative
adverse effects on the patients with AL were significantly
higher than patients without AL.
Early relaparotomy and draining are the most important
salvage therapies in patients who develop secondary perito-
nitis due to anastomotic complications.15 The early detec-
tion of these complications within the first postoperative
day by clinical examination is difficult and the exact labora-
tory biomarkers of early prediction of these complications
are unknown. Several authors have suggested that the use
of intramucosal pH, tissue oxygen saturation, and peritoneal
cytokine levels in patients with colorectal anastomosis may
predict anastomotic complications.22–28
Proinflammatory cytokines such as TNF-a and IL-6, which
are mostly released from macrophages, generate an inflam-
matory reaction. This reaction is inhibited by other cytokines
such as IL-10.17,19 It has been shown that during the first post-
operative days, the peritoneal concentrations of cytokines
including TNF-a, IL-1, IL-6, and IL-10 reflect the severity of
stress caused by abdominal operations.20–25 It is suggested
that decreasing peritoneal cytokine levels characterize a nor-
mal postoperative course, whereas increasing levels indicate
an abnormal postoperative course.22,24,25
The overexpression of peritoneal cytokines, as a local
inflammatory response, in response to microbial invasion
might be a very early event in the development of AL. In our
study, peritoneal IL-6, IL-10 and TNF-a levels were signifi-
cantly higher in patients with AL compared to patients with-
out AL. On the first postoperative day, cytokines indicated
severe local inflammation, which occurred days before the
clinical signs of AL.
In conclusion, peritoneal cytokine levels could serve as an
additional diagnostic tool that can support the early predic-
tion of AL in colorectal surgery.Conflict of interest
None declared.
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